WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 




(11) International Publication Number: 


WO 00/25811 


A61K 39/00 


A2 








(43) International Publication Date: 


11 May 2000 (11.05.00) 



(21) International Application Number: PCT/GB99/03626 

(22) International Filing Date: 2 November 1999 (02.1 1.99) 



(30) Priority Data: 

9823978.3 



2 November 1998 (02.1 1 .98) GB 



(71) Applicant (for all designated States except US): MICROBI- 

OLOGICAL RESEARCH AUTHORITY CAMR (Centre 
for Applied Microbiology & Research) [GB/GB]; Salisbury, 
Wiltshire SP4 OJG (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): ROBINSON, Andrew 
[GB/GB]; Microbiological Research Authority, CAMR, Por- 
ton Down, Salisbury, Wiltshire SP4 OJG (GB). GORRINGE, 
Andrew, Richard [GB/GB]; Microbiological Research Au- 
thority. CAMR, Porton Down, Salisbury, Wiltshire SP4 OJG 
(GB). HUDSON, Michael, John [GB/GB]; Microbiological 
Research Authority, CAMR, Porton Down, Salisbury, Wilt- 
shire SP4 OJG (GB). REDDIN, Karen, Margaret [GB/GB]; 
Microbiological Research Authority, CAMR, Porton Down, 
Salisbury, Wiltshire SP4 OJG (GB). 

(74) Agents: SCHLICH, George, William et al.; Mathys & Squire, 
100 Gray's Inn Road, London WCIX SAL (GB). 



(81) Designated States: AE, AL, AM, AT, AU. AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC. LK, LR, LS, LT. LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG. US, UZ, 
VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, 
SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, 
KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, CH, 
CY, DE, DK, ES, FI, PR, GB. GR, IE, IT, LU, MC, NL, 
PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
GW, ML. MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: MULTICOMPONENT MENINGOCOCCAL VACCINE 



(57) Abstract 

A composition comprising Transferrin binding proteins A and B is described (TbpA and TbpB). The composition is suitable for use 
in vaccines and for treatment of Gram negative bacterial infection, particularly meningococcal infection, demonstrating a broad spectrum 
of protection to a number of different bacterial pathogens. Also described are compositions comprising Tbps and other components, such 
as neisserial outer membrane vesicles and Cu,Zn-Superoxide dismutasc. Methods for preparation of these compositions and their uses in 
vaccination against disease are further provided. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Geoi^ia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobj^o 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


C6te d*Tvoire 


KP 


Democratic People*s 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Kcxrea 


PL 


Poland 






ON 


China 


KR 


Republic of K<x«a 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Genrnany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 00/2581 1 PCT/GB99/03626 

- 1 - 

MULTICOMPONENT MENINGOCOCCAL VACCINE 



The present invention relates to a multicomponent vaccine and methods for 
preparing a multicomponent vaccine that confers protective immunity to a broad 
spectrum of infection by Gram negative pathogens. In particular the present 
invention relates to a multicomponent vaccine that provides both passive and 
active protective immunity to meningococcal disease. 

Meningococcal meningitis is a major problem worldwide and in many countries 
incidence of infection is increasing. Neisseria meningitidis is the causative agent of 
the disease and is also responsible for meningococcal septicaemia, which is 
associated with rapid onset and high mortality, with around 22% of cases proving 
fatal. 

At present, vaccines directed at providing protective immunity against 
meningococcal disease provide only limited protection because of the many 
different strains of N. meningitidis. Vaccines based upon the serogroup antigens, 
the capsular polysaccharides, offer only short lived protection against infection and 
do not protect against many strains commonly found in North America and Europe. 
A further drawback of these vaccines is that they provide low levels of protection 
for children under the age of 2 years, one of the most vulnerable groups that are 
commonly susceptible to infection. 

The meningococcal transferrin receptor is made up of two types of component 
protein chain. Transferrin binding protein A (TbpA) and TbpB. The receptor complex 
is believed to be formed from a dimer of TbpA which associates with a single TbpB 
{Boulton et aL (1998)). Epitopes present in TbpA are known to be masked within 
the interior of the protein (Ala'Aldeen (1996)). Vaccines against meningococcal 
meningitis based on TbpB from one strain alone show some cross reactivity and 
there is evidence of a cross-reactive immune response in rabbits immunised with 
TbpB alone (Feirreros et al. (1998)). 
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It would be of advantage, nevertheless, to provide a vaccine that gives a broader 
range of protective immunity to infection from a wider spectrum of strains of N. 
meningitidis. It would be of further advantage to provide a vaccine that confers 
protective immunity to infants as well as adults and whose protection is long term. 
It would also be of advantage to provide a vaccine that protects against sub-clinical 
infection, i.e. where symptoms of meningococcal infection are not immediately 
apparent that the infected individual may act as a carrier of the pathogen. 

It is an object of the present invention to provide compositions containing Tbps, 
and vaccines based thereon, that meet or at least ameliorate the disadvantages in 
the art. In particular, it is an object of the invention to provide a vaccine 
composition that consistently and reliably induces protective immunity to 
meningococcal infection. 

Accordingly, a first aspect of the present invention provides a composition 
comprising both transferrin binding proteins A (TbpA) and B (TbpB), suitably in a 
molar ratio of about 2:1 (TbpAiTbpB). In a preferred embodiment of the present 
invention the molar ratio of TbpA to TbpB is 2:1 . 

The composition may be combined with a pharmaceutically acceptable carrier - for 
example the adjuvant alum although any carrier suitable for oral, intravenous, 
subcutaneous, intraperitoneal or any other route of administration is suitable - to 
produce a pharmaceutical composition for treatment of meningococcal disease. 

The present invention thus provides for a vaccine comprising both TbpA + B 
proteins, preferably with a molar ratio of between 1 .8 and 2.2 molecules of TbpA 
to one molecule of TbpB, more preferably 2 molecules of TbpA to one of TbpB. 

This particular combination of components, surprisingly, can provide higher 
protective immunity to meningococcal infection, compared to vaccination with 
TbpB alone. In a specific embodiment of the invention, described in more detail 
below, a 1 :1 combination of A:B is more protective against challenge than B alone. 
This is surprising as TbpA has previously been considered to be non-protective. The 
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present results differ from this established view with some experiments (described 
in more detail below) showing that, when administered as a vaccine, TbpA is also 
able to provide protective immunity to meningococcal infection. However, the 
present results most strikingly demonstrate the consistent performance of vaccines 
that comprise both Tbps A and B compared to those comprising Tbp A or B alone. 
It is this lack of variability between compositions and the consistently high level of 
protection to infection induced in response to vaccination with Tbp A + B, that 
enables the compositions of the invention to demonstrate significant advantage 
over the vaccines of the prior art. 

Transferrin binding proteins are known to be located on the outer membranes of 
a number of Gram negative bacteria such as meningitidis. Formulations of the 
composition of the present invention with conventional carriers or adjuvants 
provide a composition for treatment of infection by these bacteria. 

It is an advantage that following administration of a composition according to the 
present invention antibodies may be raised against epitopes that consist of 
sequences from TbpA and TbpB in juxtaposition. Thus, the immune response 
obtainable using such a composition may be improved compared with that from 
prior art vaccine compositions which comprise only one component of the Tbp 
complex and in which the full range of potential Tbp epitopes are unavailable. It 
is a further option in the present invention for one Tbp subunit component of the 
TbpA + B complex to be from a first strain of N. meningitidis and another from a 
second strain different from the first. For example, the TbpA dimer is taken from 
the first strain and the TbpB is from the second. The TbpA and TbpB proteins may 
be selected independently from strains K454, H44/76 and B16B6. In all aspects 
of the invention the Tbps can be directly isolated from the bacterial source or can 
be produced by recombinant methods commonly known in the art. Combinations 
of proteins from other strains are also envisaged, and the combining of components 
from different strains of bacteria offers the potential for providing an individual with 
a broader spectrum of protection against meningococcal infection. It is further 
optional for a composition or vaccine of the invention to contain a mixture of A 
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proteins from different strains or a mixture of B proteins from different strains, 
broadening further the potential spectrum of protection conferred by the invention. 
A still further option Is for Tbps to be obtained from or derived from other bacteria, 
including N. gonorrhoeae, N.lactamica and Moraxella catarrhalis. 

In the present invention, the term "transferrin binding protein" or "Tbp" refers to 
a protein which either alone binds to transferrin or can be part of a complex of 
proteins that binds transferrin. The term also embraces fragments, variants and 
derivatives of such a protein provided that antibodies raised against the fragment, 
variant or derivative bind the protein. Thus, TbpA and TbpB either dissociated or 
associated into a complex are considered to be Tbp. Moreover, mutants, fusion 
proteins or fragments of either TbpA or B or other derivatives of the TbpA + B 
complex with a common antigenic identity are also considered to be represented 
by the term Tbp in the present invention. 

A second aspect of the invention provides a composition comprising a complex of 
two TbpAs and one TbpB. The proteins are thus held together in the ratio seen in 
the native receptor. The individual proteins may be linked, for example, by 
hydrogen bonds or covalent bonds. In the latter case, each TbpA is covalently 
linked to the TbpA, either directly or indirectly. In a preferred embodiment, the 
complex of TbpA and TbpB assumes a native configuration. 

A native TbpA + B complex may be isolated and purified from N. meningitidis. 
Alternatively, the invention also provides for synthesis of recombinant Tbp protein 
followed by assembly of the TbpA + B complex in vitro. The TbpA + B complex may 
be formed by admixture, or may be crosslinked by physical (e.g. UV radiation) or 
chemical methods known to the art, resulting in a combination of Tbps that will 
remain together and can not dissociate from each other. In a further example, a 
single chain recombinant protein comprising two TbpA sequences, preferably in the 
form of the TbpA dimer, is then covalently linked with TbpB protein to form a 
complete TbpA + B complex in vitro. Another example of the invention in use 
provides that TbpA and B are mutated so as to introduce cysteine residues that 



wo 00/2581 1 PCT/GB99/03626 

- 5 - 

facilitate the formation of disulphide bridges between the TbpA and TbpB subunits, 
so as to obtain a covalently bound complex. 

In preparation of a recombinant protein TbpA and TbpB genes may also be 
truncated so that only those domains known to contribute to the antigenicity of the 
protein are incorporated in the Tbp complex. 

In some compositions of the invention the TbpA + B complex is able to act as a 
transferrin receptor and binds to human transferrin. In other compositions of the 
invention the TbpA + B complex is non-functional in the sense that it does not bind 
transferrin, but it nevertheless provides an antigenic component that elicits an 
appropriate immune response. 

A third aspect of the invention provides for a composition comprising a Tbp and 
N. meningitidis outer membrane vesicles. An advantage of this composition is that 
when administered to a vaccinee or patient it presents a different combination of 
N. meningitidis antigens, and particularly antigens that are in a formation 
substantially as present on the membrane of live infecting organisms. The 
combination offers the potential for a more effective protection against infection 
or a broader spectrum of protection than existing vaccines. Known methods of 
outer membrane vesicle isolation, such as by desoxycholate treatment, are suitable 
for preparation of compositions of the invention. In various preferred embodiments 
the Tbp is Tbp A, Tbp B or TbpA-f B either in a native complex or in dissociated 
form. 

The outer membrane vesicles may further be pretreated in vitro with Tbp so as to 
enrich the vesicle membrane with Tbp. By "enrich" and like terms, we refer to an 
outer membrane vesicle to which has been added Tbps so as to increase the 
concentration or density of Tbps in that vesicle. Preferably, the enrichment results 
in an outer membrane vesicle having an increased number of transferrin receptors 
located in the membrane, due to an increased concentration of TbpA and TbpB 
following their addition to the vesicle and their association into receptors or 
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receptor-like structures. A particular advantage of such embodiments of the 
invention is that the Tbps, regarded as key antigenic components of the vaccine, 
are presented in a highly antigenic environment that closely mimics the 
environment in which transferrin receptors are presented on live, Infecting bacteria. 

As mentioned previously, the Tbp components of the composition need not be 
wild-type Tbps. They can be made recombinantly, and in so doing sequence 
alterations may be introduced. In one typical example of the invention, 
recombinant TbpB is modified so as to comprise a membrane binding domain. A 
preferred membrane spanning domain is a hydrophobic alpha helical region added 
to either the N or C terminus of the Tbp B protein. However, a membrane anchoring 
region need not only be an alpha helix, addition of a fatty acid or lipid chain would 
also facilitate membrane anchoring. In fact, wild type TbpB is believed to anchored 
to the bacterial outer membrane via such a lipid chain anchor. In a further example 
of the invention in use, the outer membrane vesicles are pretreated in vitro with 
membrane binding recombinant TbpB so as to enrich the vesicle membrane with 
TbpB. OMVs enriched with Tbps are additionally generated by inducing high levels 
of Tbp expression in N. meningitidis and then isolating OMVs via one of the 
methods described previously. This latter method is typically achieved by 
transforming the N. meningitidis host with a suitable expression vector into which 
has been inserted a gene or genes encoding the Tbps of choice. Suitable 
expression vectors for use in neisseria! species include the plasmid pMGC 1 0 (Nassif 
etal. (1991)). 

It is preferred that the composition of the present invention comprises outer 
membrane vesicles and TbpA + B complexes isolated from a range of different 
strains of N, meningitidis. Other preferred compositions of the invention comprise 
other N. meningitidis proteins including surface antigens, periplasmic proteins, 
superoxide dismutase and glycoproteins. 

The composition of the third aspect of the invention may instead of or in addition 
to outer membrane vesicles comprise one or more liposomes, each liposome 
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including TbpA and / or TbpB preferably including TbpA and TbpB associated into 
a receptor or into a receptor-like complex. Thus a further means of presenting the 
transferrin receptor antigens is provided. 

In a further embodiment of the third aspect of the invention, the composition 
comprises 22 kD antigen (Neisserial surface protein A (NspA)) as well as or instead 
of outer membrane vesicles. NspA and its preparation are described by Martin et 
ah 1997. 

A fourth aspect of the invention provides for a vaccine comprising a composition 
of the invention as described above. A vaccine of the invention may also comprise 
antibodies to Tbp and thus provide a level of passive immunity to bacterial 
infection. 

A fifth aspect of the invention provides for a method of manufacturing a 
composition that comprises combining TbpA, TbpB and A/, meningitidis outer 
membrane vesicles with a pharmaceutically acceptable carrier. It is preferred that 
the molar ratio of TbpA to TbpB is about 2:1 . The outer membrane vesicles can 
be pretreated in vitro with native TbpA + B so as to enrich the vesicle membrane 
with Tbp complex. However, the outer membrane vesicles may also be pretreated 
with other protein components so as to enrich them for these antigenic 
components also. The outer membrane vesicles may also be pretreated with 
antigenic proteins and proteoglycans from several different strains of N, 
meningitidis. 

A further aspect of the invention provides for a composition comprising a Tbp and 
a Cu,Zn-Superoxide dismutase (Cu,Zn-SOD). 

Cu,Zn-Superoxide Dismutase (Cu,Zn-SOD) is an metalloenzyme found in many 
prokaryotic and eukaryotic organisms. It catalyses the reduction of the superoxide 
radical anion, O2", to hydrogen peroxide and molecular oxygen, thus playing an 
important role in the removal of cytotoxic free radicals from the organism. In 



wo 00/2581 1 PCT/GB99/03626 

- 8 - 

bacteria Cu,Zn-SODs have been identified in the periplasm of a number of Gram 
negative species including N. meningitidis. The enzyme can exist as a dimer or a 
monomer, and accordingly in a preferred embodiment the present invention 
provides for a composition comprising a Tbp and a Cu,Zn-SOD of the dimeric type. 

As mentioned previously with regard to the use of the term "Tbp", the Cu,Zn-SOD 
of the present invention is also considered to encompass fragments, variants and 
derivatives of such a protein provided that antibodies raised against the fragment, 
variant or derivative bind the wild type Cu,Zn-SOD. 

In examples of the invention in use, compositions are provided that comprise a 
Cu,Zn-SOD and either a TbpA, a TbpB or a TbpA + B complex. In the latter example 
it is preferred that the molar ratio of TbpA to Tbp B is between 1 .8 and 2.2, with 
the most suitable compositions having a ratio of 2:1 (TbpA:TbpB). In further 
compositions of the invention the Tbps are from a different strain of N. meningitidis 
to that of the Cu,Zn-SOD, thus facilitating the formation of a broader spectrum of 
immune response to meningococcal infection. 

The invention also provides for compositions wherein the Tbps and Cu,Zn-SOD are 
from different bacterial species, typically different Gram negative species. Such 
compositions thereby allow an even broader spectrum of immune response to be 
elicited when administered as a vaccine. Typical compositions comprise a neisseria! 
TbpA + B complex as well as a monomeric Cu,Zn-SOD - from E.coii for example - 
and optionally a further dimeric Cu,Zn-SOD - for example from Haemopfiiius 
parainfluenzae. 

Other aspects of the invention provide for methods of manufacturing compositions 
that provide protective immunity to Gram negative bacterial infection, comprising 
combining a covalently linked complex of TbpA and TbpB with either or both of N. 
meningitidis outer membrane vesicles and a Cu,Zn-SOD plus a pharmaceutically 
acceptable carrier. 
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A further aspect provides for use of Tbps A and B in the manufacture of a 
medicament for human vaccination. It is preferred that such a medicament is 
suitable for vaccination against meningococcal infection, although some 
compositions of the invention provide broad spectrum protection to infection from 
a wider range of bacterial pathogens. 

The embodiments of the invention are discussed in more detail by means of the 
Example described below. The results referred to in the Example are illustrated by 
the accompanying drawings, in which: 

Fig.1 shows immunisation of mice with TbpA + B and outer membrane 
vesicles; 

Fig. 2 shows immunisation of mice with TbpA + B; 

Fig. 3 shows protection of mice against IP infection after immunisation with 
TbpA + B, isolated TbpA or isolated TbpB; 

Figs.4A and 48 show protection of mice against meningococcal infection 
following immunisation with either neisserial TbpA + B, TbpB or TbpA (nTbps) or 
recombinant Tbps (rTbps); 

Figs.SA and 5B show protection of mice against challenges of 10^ and 10^ 
organisms/mouse of N. meningitidis strain K454 respectively, following 
immunisation with recombinant TbpA + B, TbpB or TbpA; 

Fig, 6 shows protection against challenge with heterologous serogroup; and 

Fig. 7 shows protection against challenge with B16B6 



Example 

Mouse protective data 
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Mice (CAMR-NIH) were immunised with Tbps and /or outer membrane vesicles and 
challenged with either the homologous or a heterologous meningococcal strain. 
Survivors per group of mice Immunised with Tbps from strain K454 and the outer 
membrane vesicle vaccine following challenge by strain K454 are shown in Fig. 1 . 
Compared to Tbps, the outer membrane vesicle vaccine gave reduced protection 
but this may be because it is produced from a different group B strain (H44/76). 
Animals immunised with TbpA + B isolated from strain K454 were also protected 
against challenge with other serogroup B organisms (Fig. 1 ) , with greater protection 
seen with the homologous strain and strains expressing a TbpB with a similar 
molecular weight. Little or no protection was observed against challenge with 
meningococci possessing TbpB with a very different molecular weight (strain 
B1 6B6). With the heterologous challenge strains, there is a slightly greater number 
survivors in the groups vaccinated with the combination of Tbps + outer membrane 
vesicles. However, the numbers Involved are small and no definite conclusions can 
be reached. It is interesting to observe that mice immunised with TbpA + B from 
strain K454 were also protected against infection with a serogroup C but not a 
serogroup A strain (Fig. 2). 

Protection against challenge with strain K454 with mice immunised with co-purified 
TbpA + B and Isolated TbpA and TbpB is shown in Fig. 3. It can be seen that TbpB 
is the predominant antigen responsible for protection, with little protection afforded 
by TbpA alone. 

Recombinant TbpA and TbpB 

TbpA and TbpB from N. meningitidis strain K454 were cloned and overexpressed 
in £. co/A The proteins were purified using affinity chromatography and used to 
determine their protective potency in a mouse model of meningococcal disease. 
Recombinant Tbps showed equivalent protection to that provided by Tbps isolated 
from iron-stressed N. meningitidis (Figs. 4A and 4B). These recombinant Tbps were 
also utilised in two further larger IP challenge experiments (Figs. 5A-B). 

The strong and consistent protective potency of Tbps against mouse I. P. infection 
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with N. meningitidis Is probably the most compelling evidence for their vaccine 
potential- 

Interestingly, the results shown in Figs. 4B and 5A-B, although arising from 
experiments of similar design, show the surprising variability associated with 
vaccine compositions that depend solely upon either TbpA or TbpB alone. In Fig. 
48 the recombinant TbpA composition displayed low levels of protection compared 
to TbpB or TbpA + 8. However, in Figs. 5A and 5B the recombinant TbpA vaccine 
composition that showed high levels of protection comparable to the TbpA + 8 
complex and the TbpB alone composition demonstrated poor protection to 
infection. This latter result is completely contrary to the teaching of the prior art. 

Human immune response to TboA and TbpB in convalescent sera 
We have undertaken a number of studies looking at the antibody response in 
humans to TbpA and TbpB following meningococcal disease. The general 
conclusions are that both TbpA and TbpB are expressed during meningococcal 
disease and that an immune response is raised against them. The response is 
functional (opsonic) and is more cross-reactive between different meningococcal 
strains than is the response induced by immunisation of animals with Tbps. The 
immune response to TbpA appears to be stronger and more cross-reactive than that 
to TbpB, confirming the importance of the vaccine potential of TbpA. 

TbpA and TbpB form a transferrin receptor 

Our structural studies indicate that the transferrin receptor on the meningococcal 
surface consists of two TbpA molecules and one TbpB molecule that act together. 

Effect of a Vaccine containing AH-B Tbps 

We carried out further tests of the efficacy of recombinant TbpB versus 
recombinant TbpA + B containing vaccine formulations against challenge from 
N, meningitidis strains L91 705 and B16B6, the results of which are illustrated in 
Figs 6 and 7 respectively. In both cases some improved protection was conferred 
by A + B compared to B alone. 
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Claims 

1 . A composition comprising transferrin binding proteins A (TbpA) and B 
(TbpB). 



2. A composition according to claim 1, wherein the molar ratio of TbpA to 
TbpB is about 2:1 - 

3. A composition according to claims 1 and 1, for treatment of gram negative 
bacterial infection 

4. A composition according to claim 3, wherein the gram negative bacterial 
infection is Neisseria meningitidis. 



5. A composition according to any of claims 1 -4, comprising TbpA from a first 
strain of /V. meningitidis and TbpB from a second strain different from the 
first. 



6. A composition comprising a complex of two TbpAs and one TbpB. 

7. A composition according to claim 6, wherein the complex of TbpA and TbpB 
is in a native configuration. 

8. A composition according to claim 6 and 1 , wherein the complex is linked 
covalently. 

9. A composition according to claims 6-8, wherein the complex is a transferrin 
receptor. 

10. A composition comprising a transferrin binding protein (Tbp) and N. 
meningitidis outer membrane vesicles. 
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11. A composition according to claim 10, comprising TbpA. 

12. A composition according to claim 10, comprising TbpB. 

13. A composition according to claim 10, comprising TbpA and TbpB. 

14. A composition according to claims 10-13, wherein the outer membrane 
vesicles are enriched with Tbp. 

15. A composition according to claim 1 4, wherein the outer membrane vesicles 
are enriched with Tbps from different strains of N. meningitidis. 

16. A composition according to any of claims 10-15, wherein the outer 
membrane vesicles are enriched with N. meningitidis proteins other than 
Tbp. 

17. A composition according to any of claims 10-16, wherein the outer 
membrane vesicles are from different strains of N. meningitidis. 

18. A composition comprising a Tbp and a Cu,Zn-Superoxide dismutase (Cu,Zn- 
SOD). 

19. A composition according to claim 18, wherein the Cu,Zn-SOD is of the 
dimeric type. 

20. A composition according to claims 18 and 19, comprising TbpA. 

21. A composition according to claims 18 and 19, comprising TbpB. 

22. A composition according to claims 1 8 and 1 9, comprising TbpA and TbpB. 

23. A composition according to claim 22 wherein the molar ratio of TbpA to Tbp 
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24. A composition according to any of claims 1 8-23, wherein the Tbps are from 
different strains of N. meningitidis. 

25. A composition according to any of claims 1 8-24, wherein the Cu,Zn-SOD is 
from a different strain of N, meningitidis to that of the Tbp. 

26. A composition according to any of claims 1 8-24, wherein the Cu,Zn-SOD is 
from a different species of bacteria to that of the Tbp. 

27. A vaccine comprising a composition according to any of claims 1-26. 

28. A method of manufacturing a composition comprising combining TbpA, 
TbpB and A/, meningitidis outer membrane vesicles with a pharmaceutically 
acceptable carrier. 

29. A method according to claim 28, wherein the molar ratio of TbpA to TbpB 
is about 2:1 . 

30. A method of manufacturing a composition comprising combining a 
covalently linked complex of TbpA and TbpB with N. meningitidis outer 
membrane vesicles and a pharmaceutically acceptable carrier. 

31. A method of manufacturing a composition comprising combining a 
covalently linked complex of TbpA and TbpB with a Cu,Zn-SOD and a 
pharmaceutically acceptable carrier. 

32. Use of TbpA and TbpB in the manufacture of a medicament for human 
vaccination. 
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CHALLENGE GN (GROUP C) 
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